HRGC-HRMS. Residue levels were expressed as picograms per gram lipid. Detection limits for OCs were 10 ng/g fat; for PCBs, detection limits ranged from 5 to 100 pg/g fat for the various congeners.
Fish samples were processed in a meat grinder, freeze dried, homogenized with sodium sulfate, spiked with internal standards, transferred to a potassium silicate/ silica gel/sodium sulfate column, and eluted with 9:1 hexane:methylene chloride. Analysis proceeded as with milk samples.
Quality assurance. Quality assurance/ quality control procedures were followed as specified in standard methods (1) Distributions of the concentrations of each chemical compound in milk samples were examined for symmetry, skewness, multimodality, etc. The correlations of the various compounds with each other were examined by scatter plots and correlation coefficients, either the parametric Pearson correlation or the nonparametric rank correlation. Contaminant distributions were compared across geographic regions and across dietary habits to test for statistically significant differences. For human breast milk, all concentrations were tested for normality and were found to be skewed, requiring a natural log transformation to achieve normality. Analysis of variance (ANOVA) with Bonferroni adjustment was used to compare mean concentrations (transformed to their natural logs) among the sampling areas.
Results Table 1 shows the summary statistics of mothers' and infants' ages and ethnicity, and infants' birth weight and sex.
PCBs were measured in 35 breast milk samples and 3 duplicate samples. Results were expressed as 1) total PCBs, i.e., the sum of 80 individually measured congeners; 2) the sum of six prevalent marker PCBs that are reported in the literature (PCBs 28, 52, 101, 138, 153, and 180); and 3) PCB-TEQs based upon the WHO-TEQ system (4). RPDs for the six marker PCBs were between 20 and 30%. Results are shown in Table 2 (by sampling site and for entire data set). The sum of the six prevalent PCBs averaged 180 ng/g fat for the entire data set. The average level for Atyrau (430 ng/g fat), however, was well above averages for other areas (p<O.OO1). Additionally, the highest PCB-TEQ (46 pg/g fat) was in Atyrau (p<0.05).
Organochlorine pesticides were analyzed in 76 breast milk samples, 13.duplicates, and 6 matrix spike duplicates. RPDs Comparing data from this study with chlorinated residue data from other breast milk studies is problematic for several reasons. First, studies that are truly cross-sectional, and attempt to determine region-or country-wide contaminant levels, are rare. Second, most studies have employed different selection protocols (e.g., instead of the WHO/EURO protocol, selection criteria may be the age of mother, age of infant, parity, or other factors associated with residue levels). In addition, the new congener-specific PCB analytical methodology introduced in this study contrasts with the generic mixture data (e.g., Aroclor or Clophen) reported elsewhere. Thus, our comparisons are limited to selected PCB data from two WHO-sponsored studies and several small studies (1,6-11).
PCBs. Total PCBs shown in Table 2 are the sum of 80 PCB congeners measured individually (3) . This definition of total PCBs makes comparisons among studies difficult because different congeners are measured in each laboratory. However, as discussed elsewhere (3), over 80% of the total PCBs in this study derive from the 12 most prevalent congeners that are usually measured by all researchers. Total PCB levels measured in this study in breast milk are lower than PCB levels found in industrialized countries (3 (6) is based on milk samples collected in 1993, i.e., 5 years after the first WHO study described above (1) . Among the countries sampled, the Czech and Slovak Republics had the highest sum of the six PCBs (>1,000 ng/g fat), whereas Pakistan, Hungary, and Albania had the lowest (<100 ng/g fat).
Another source for comparison is a recent study from eastern (n = 497) and western (n>1,000) regions of Germany, where the sum of the same six congeners was reported (2) . With one exception (an industrial region in eastern Germany), participants had no known exposure (occupational or environmental) to PCBs; these levels were considered background. The maximum sum in eastern Germany (305 ng/g fat) was lower than the average reported for western Germany (590 ng/g fat).
The WHO-TEQ values (4) for the Kazakstan PCB data set was calculated HCH, hexachlorocyclohexane; HCB, hexachlorobenzene; PCB, polychlorinated biphenyl; TOT-PCB, total PCBs; 6-PCB, sum of 6 PCBs; PCB-TEQ, PCB toxic equivalents. Values are given in nanograms per gram fat except for PCB-TEG, which is given in picograms per gram fat. ** or ## indicate sites that had significantly different levels from sites marked by * (or #) at the cited level of significance.
using the three coplanar PCBs (PCBs 77, 126, 169) and PCBs 105, 118, 123, 156, 170, and 180. As can be seen from Table  2 , PCB-TEQ values for Kazakstan averaged 22 pg/g fat, which is similar to TEQs of industrialized western European countries: The Netherlands, 36 pg/g fat (J) and 20 pg/g (11); Sweden 22 pg/g (10); Norway 22-32 pg/g (8) ; and Lithuania, 32 pg/g (8) . Atyrau, as discussed above, had significantly higher levels (46 pg/g fat), mostly due to mono-ortho PCBs (Hooper et al., in preparation).
Organochlorine pesticides. Breast milk samples were analyzed for 19 common organochlorine pesticides. Of the 76 samples analyzed for OC pesticides, practically all had measurable levels of p,p'-DDE (100%), 3-HCH (100%), HCB (100%), p,p'-DDT (99%), and a-HCH (98%). Fewer samples had measurable levels of o,p'-DDT (12%), aldrin or o,p'-DDE (5%), y-HCH or pp'-DDD (4%), endosulfan-II or oxychlordane (2%), and trans-nonachlor or mirex (1%). Not detected (<10 ng/g fat) were heptachlor, heptachlor epoxide, dieldrin, endrin aldehyde, methoxychlor, a-and y-chlordane, chlordecone, and o,p'-DDD. It <1-5 indicates recent exposure to parent DDT. A ratio >5 indicates that the DDT residues arise from the food chain (12) .
In the present study, the lowest levels of p,p'-DDT were in Shymkent, and the differences were statistically significant (p<0.00 1) for all areas except Almaty. The two highest p,p'-DDT levels were in Aralsk and Atyrau. The low DDE/DDT ratio in Aralsk suggests continuing exposures to DDT, possibly from pesticide-laden dust blowing from the dry lake bed. In contrast, the higher DDE/DDT ratio in the rural region suggests a curtailed use of DDT on cotton crops and its persistence in the food chain.
Levels of p,p'-DDE in this study were between 240 and 10,540 ng/g fat, with a mean of 1,960 ng/g fat. This compares with the 1970s-1980s worldwide average of 2,000 ng/g (12) . Levels of p,p'-DDT were between 75 and 1,030 ng/g fat, with a mean near 300 ng/g fat. The DDE/DDT ratio ranged between 1 and 105, indicating variability in recent exposures to DDT. The DDE/DDT ratios in Aralsk and Qzyl-Orda were lower than in Almaty, Shymkent, and the rural areas (p<0.001), suggesting a continuing DDT exposure in Aralsk (see above).
Many earlier studies reported only total DDT because the analytical methods could not distinguish DDT metabolites. In the late 1980s, worldwide total DDT averaged 1,000 ng/g fat, with levels in developing countries 10-100 times higher (12) . In the 1970s-1980s, worldwide levels of p,p'-DDE averaged 2,000 ng/g fat, with a maximum at 20,000 ng/g fat. More recent data from Germany (7) showed concentrations mostly below 2,000 ng/g fat.
The HCH family of chemicals is a mixture of isomers, the most prominent ofwhich are the a-, P-, y-(lindane), and 6-isomers. Of these, P-HCH is the most persistent and selectively bioaccumulates in tissues. Levels of P-HCH ranged from 430 to 8,600 ng/g fat, with an overall average of 2,210 ng/g fat ( India (1,400-12,000 ng/g fat) and China (1,000-19,000 ng/g fat) (12) .
'y-HCH (lindane) is applied on cotton in southern Kazakstan five times during the growing season. Lindane (1% solution) is also used locally as a sheep or lamb dip for ticks twice a year (April and October).
Averaged hexachlorobenzene (HCB) levels in the human milk samples from southern Kazakstan were below the world average of 100 ng/g fat (12. The highest HCB levels (15,000-20,000 ng/g fat) reported for breast milk resulted from accidental ingestion of poisoned grain in Turkey, and levels remained elevated for 30 years. High HCB levels were also reported in the early 1970s for Greece (7,000 ng/g fat), Spain (3,500 ng/g fat), and Australia (2, 200 ng/g fat) (12) .
Exposures to the nursing infant can be estimated using the WHO (1) suggested nursing scenario of 6 months duration, 0.7 I/day ingestion rate, and a milk fat content of 3.5% (13) . Using the worst site and national average residue levels in Kazakstan for DDE (3,330 and 1,960 ng/g fat, respectively) and DDT (500 and 300 ng/g fat, respectively) and assuming an infant weight of 5 kg, the combined DDE and DDT intake levels (18 and 11 pg/kg/day, respectively) exceed the EPA reference dose (0.5 pig/kg/day) and approach the allowable daily intake of the Joint Food and Agriculture Organization/ WHO Meetings on Pesticide Residues (0-20 pg/kg-day) (14) . Intake levels of PCBs and dioxins by the nursing infant will be discussed elsewhere (Hooper et al., in preparation).
Conclusions
This is one of very few studies that examined such a broad panel of chemicals in a systematic way, following the widely accepted WHO protocol. Additionally, this is the first thorough investigation of chlorinated contaminants in Kazakstan. Representative samples were collected from a multiethnic population from a large region, and the findings provide insights into body burdens carried by people in this region. The major findings are as follows: *Overall P-HCH levels (2,210 ng/g fat) are much higher than what is considered background in Europe (200 ng/g fat), with the highest levels found in the rural areas (3,470 ng/g fat) *Overall p,p'-DDE levels (1,960 ng/g fat) are similar to the world average in the late 1970s (2,000 ng/g fat), higher levels were found in the rural areas (3,330 ng/g fat) *HCB levels were similar to world average levels (100 ng/g fat) *Overall PCBs, expressed both as total PCBs (380 ng/g fat) and as the sum of six PCBs (180 ng/g fat), were lower than those reported from industrialized European countries (400-1,000 ng/g fat).
Average levels from Atyrau (total PCBs = 820 ng/g fat, six PCBs = 430 ng/g fat), however, were similar to those countries *The overall PCB-TEQ (22 pg/g fat) was similar to European countries (20-30 pg/g fat), with significantly higher levels in Atyrau (46 pg/g fat).
Clearly, industrialized regions like Atyrau should be further studied for PCB sources and pathways. Other industrialized cities in northern Kazakstan should also be examined. Additionally, southern rural areas should be further studied and agricultural practices reviewed.
